As van der Hulst and Smith (1986) note, languages which have ATR-harmony do not always have two fully symmetrical sets of vowels. However, the behaviour of the so-called neutral vowels varies from one language to another. Furthermore the number of vowels in an inventory is not a true predictor of the number of neutral vowels that a language has. In Standard Yoruba, a seven-vowel system, the neutral vowels include both high vowels [i, u] and the low vowel [a] (Archangeli and Pulleyblank 1989; Pulleyblank 2002) . All three vowels are opaque. Wolof (Ka 1994) has an eight-vowel inventory, identical to that of Lokaa. However, it has two high vowels [i, u] which are neutral and transparent.
This article begins with a discussion of vocalic structure and vowel co-occurrence in nouns and verbs. In section 2, I discuss the domain of harmony and the status of compounds. Section 3 illustrates Lokaa harmony, using only non-high vowels. In section 4 I turn to the high vowels. Section 5 discusses high vowel transparency and its formal treatment. In section 6, I discuss the low vowel [a] and opacity.
Though Lokaa harmony is fairly complicated, I argue that a constraint-based analysis is possible, within O' Keefe's (2007) modified version of McCarthy's (2004) headed span theory. My preference for this theory arises from the fact that it accounts uniformly for both local and non-local harmonies, and it is able to account for both transparency and opacity in the same language. I will only use this model when discussing transparency and opacity to illustrate how it accounts for the phenomena. Within the headed span approach to harmony, this paper proposes that both cooccurrence constraints and ASSOCIATEHEAD are crucial because they play different roles. Co-occurrence constraints control the inventory, and the different rankings of the ASSOCIATEHEAD constraints indicate whether or not a feature will form part of a harmonic-span.
THE VOCALIC STRUCTURE AND BASIC HARMONY
Lokaa is an eight-vowel language with /i, u, e, o, E, O, @, a/. The vowels appear to split into two harmonic ATR sets, as in (1).
(1) Lokaa harmonic sets:
Assuming the classic definition of neutral vowels as stated above, there are four neutral vowels in (1), since there are four vowels that have no harmonic counterparts. The vowels [i, u, @] have no [−ATR] counterparts, and the vowel [a] has no [+ATR] counterpart. In the next two sub-sections, I show the vowel distribution patterns of these in bisyllabic nouns and verbs, arranging them according to height: high, low, and mid. To highlight the severe restriction of vowel distribution in verb stems, I will present the vowel distribution in nouns and verbs differently. Merging verbs with nouns would hide this restriction.
Vowel distribution in nouns
Each of the eight vowels in (1) can occur as a stem vowel, and all vowels except [@] can occur as a (noun) class prefix. 4 The table in (2) shows the distribution of vowels in the prefix+noun stem domain. The presentation of the examples in (3) is based on the stem vowels.
(2) Lokaa vowel co-occurrence in bisyllabic (prefix + stem) nouns: a.
[i] as stem vowel. Possible prefix vowels: [i, u, e, o, E, O, a] lì-wí 'basins of water' lÉ-kpì 'electric fish' è-tí 'stick' lú-jí 'food' lò-wí 'water' yà-yì 'blood' O-kpí 'spitting cobra' b. [u] as stem vowel. Possible prefix vowels: [i, u, e, o, E, O, a] ù-kù 'cradle' kÈ-yú 'riches, wealth' kì-kùl 'box' yÒ-yú 'beauty' è-pú 'hip' yà-tù 'wine' yò-nùN 'salt' c. [a] as stem vowel. Possible prefix vowels: [i, u, E, O, a] à-mà 'holes' lì-dà 'folk tale' E-tál 'kite' ú-kwá 'canoe' O-kà 'needle'
Mid vowels: The noun stems with mid vowels permit only [+ATR] [i, u, E, O, a] kÒ-bÓ: 'arm' ú-kpÒN 'type of cocoyam' E-tÓ 'house' kà-wÓN 'sky' yì-nÒn 'bird' f.
[e] as stem vowel. Possible prefix vowels: [i, u, e, o, a] é-fém 'crocodile' kù-bém 'lie' ò-bèlè 'water pot' à-tè 'songs' í-kpé 'lawsuit, case' g.
[o] as stem vowel. Possible prefix vowels: [i, u, e, o, a] lò-tó 'intestine' í-tòm 'shrine' è-tòm 'life' à-kó 'wars' ú-kpò 'towel' h. [@] as stem vowel. Possible prefix vowels: [i, u, e, o, a] è-d@l 'louse' kú-d@@n 'spirit' ò-d@m 'man, male' à-b@ 'pits' yí-t@n@ 'antelope' If we define a harmony "trigger" as a vowel that determines the harmonic quality of a neighbouring vowel and an "undergoer" as a vowel that alternates based on the harmonic quality of the trigger, then descriptively the emergent picture of vowel cooccurrence in Lokaa is as follows. Words consisting only of non-central mid vowels are completely harmonic: the prefix vowel must agree completely with the noun stem vowel in ATR. High vowels [i] and [u] can co-occur with any vowels either as prefix or as stem vowels. It appears therefore that high vowels neither trigger nor undergo harmony. On the surface high vowels may be disharmonic, when the stem vowel is [−ATR]. Finally, the low vowel [a] behaves differently as a stem vowel than as a prefix vowel. As a stem vowel only [−ATR] vowels (mid and low) and the non-undergoing high vowels can occur to its left as prefixes. In this sense it triggers harmony. As a prefix, however, it does not alternate (it is a non-undergoer), and it can co-occur with all eight stem vowels.
Vowel distribution in verbs
The vast majority of verbs in Lokaa are monosyllabic. The most common monosyllabic verb shapes are CV, CV: and CVC. Lokaa has consonant clusters, so the onset can be a cluster ([bl@:] 'come from'), but there are no complex codas. Furthermore, closed syllables can occur with long vowels ([kpǎ:l] 'gather'). Finally, the second position in a cluster is restricted to non-nasal sonorants, and codas are restricted to sonorants. All verbs are consonant-initial.
Monosyllabic verbs
As in noun stems, all eight vowels can occur in monosyllabic verbs, as the following examples show. The table in (4) illustrates only the most common shapes. (5) Vowel co-occurrence in bisyllabic verbs: In addition, the following two generalizations also hold in nouns: 
On vowel restriction in bisyllabic verbs
For completeness, I now digress to compare the above restricted vowel distribution in verbs with what has been reported for a closely related language, Leggbo, especially in relation to the facts in (7d-f). The first obvious generalization from the table in (5) is that the second vowel of the verb cannot be a non-central mid vowel ([e, o, E, O] ). This is very much unlike Leggbo. Hyman and Udoh (2002:4) and Hyman et al. (2002:6) propose that Leggbo bisyllabic "verbs consist of a CVC (or CVVC) root plus a suffix", either /-i/ as in (8a), which can occur after all V 1 vowels, or /-a/ which assimilates to a preceding mid vowel, as in (8b).
(8) Analysis of CVCV verbs as /CVC-i/ and /CVC-a/ (including CVVCV):
They observe further that the underlying V 2 /-i/ and /-a/ are thus frozen lexical suffixes found only on some verbs. Though both languages may have historically had a CVC verb root, Lokaa does not have the type of assimilation postulated in Leggbo. In fact Lokaa lacks bisyllabic verbs in which the two vowels are mid non-central vowels, as in (9). 5 (9) Bisyllabic verb patterns absent from Lokaa (but present in Leggbo):
* [@] as alternating in the second vowel V 2 of bisyllabic verbs; rather, they determine the ATR value of the first (preceding) vowel V 1 . This position accounts for all of the data so far presented in verbs, and as we shall see it is also consistent with the behaviour of final vowels in trisyllabic nouns. In the rest of this paper I will pay attention to stems and prefixal and proclitic elements only.
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I now turn to the details of Lokaa harmony.
DOMAIN OF HARMONY
In Lokaa, the domain of harmony is the Prosodic Word (PrWd), which consists of a stem (see Bakovic 2000 Bakovic , 2003 Pulleyblank 2002 ) and a preceding clitic or affix. This domain covers, in a noun, both the stem and its prefix, and in a verb, a prefix (or pronoun clitic) and its radical (monosyllabic or bisyllabic). The forms in (14a,b) and (14c) illustrate the "clitic plus verb" domains, and those in (15) show the "prefix plus noun stem" forms. b.Ò-nÈn ímààÓ-kpàà lè-kòì he-beat drum 'The man beat a drum.' c. é tóó 'it had'É dÓÓ 'it slept' ó mléé 'he entered'Ó mÈÈ 'he swallowed' (15) Noun class prefixes plus noun stems:
In (14a,b) the instructive examples are the forms ó-k@@ 'he-saw' as compared toÓ-kpàà 'he-beat'. The form of the third-person proclitic varies depending on the ATR specification of the vowel of the verb stem. The same is true of the examples in (14c). If we take these examples of clitic+verb stem with those of class prefix+noun stem in (15), it is clear that the domain of harmony can be characterized as the PrWd.
The proposal that the harmony domain is a PrWd is further supported by the fact that this is also the domain of a "tonal complex" in Lokaa, as argued in Akinlabi and Liberman (2006) .
Compounds
Compounds may juxtapose two or more noun stems with vowels from different harmonic sets; for this reason, they appear to be outside the domain of harmony. It is useful to note the following points:
(i) Compounds are head-final. In a compound of two nouns, the second noun stem determines the nominal class of the entire compound by dictating the shape of nominal prefix.
(ii) However, it is the first noun stem that determines the harmonic class of that prefix (Iwara 2003; Hyman 2004 ).
The following examples show compounds formed with nouns from different nominal classes and different harmonic sets. The prefixes are underlined to show that the compound belongs to the (noun) class of the second noun. Using the last example, lÈ-nÒmà-b@ 'deep seat', as illustration, I propose that nominal compounds have a nested structure consisting of a PrWd within a PrWd, and that the prefix is phonologically closer to the first noun. This structure can be represented as in (17).
If the domain of vowel harmony is the PrWd, then we must conclude that the vowel of the first stem is opaque to harmony. This is completely expected if the domain of harmony is the first (lower) PrWd, and if the second stem falls outside the harmony domain. All of the compound forms in (16) illustrate this point. Note that in each case, the (initial) vowel of the first noun stem is a mid vowel, which triggers and undergoes harmony. A formal account of the above forms is the same as that for the forms in (15) above and (18) below, except that the second stem constitutes a harmonic domain by itself.
MID VOWELS
The Lokaa harmonic sets in (1) can be illustrated with non-central mid vowels, which have harmonic counterparts in each set. For reasons of clarity, I focus on non-high vowels in this section. High vowels are discussed in section 5 and the low vowel [a] in section 6. In the nouns in (18) 
In these examples, the nouns in each row belong to the same noun class, and the vowel quality difference in the class prefix is completely a function of the ATR specification of the stem vowel. These data are straightforward and can be easily accounted for by assuming the supremacy of constraints enforcing agreement of ATR features within the PrWd domain, which includes the prefix-stem structure in (18). It is necessary to adapt the idea of "stem control" (Van der Hulst and Weijer 1995; McCarthy and Prince 1995; Bakovic 2000) to account for the fact that affixes harmonize with stems. This achieves the directionality effect in stem-controlled harmonies. The stem control faithfulness constraint is stated in (19). If an input segment x I is in the stem, has value [αATR], and it has an output correspondent x 0 , x 0 will have value [αATR] .
In single PrWds with only mid vowels, there can only be one harmonic span. Moreover, the fact that the affix (mid) vowel rather than the stem (mid) vowel alternates implies the dominance of (or faithfulness to) the ATR specification of the stem vowel through FAITHSTEM(ATR). Everything else is secondary.
HIGH VOWELS
The Lokaa vowel system reveals an asymmetry commonly found in ATR harmony systems: high vowels have no [−ATR] counterparts. Therefore some [−ATR] stems take high vowel prefixes, which are invariant in their ATR specification. However, it is clear that Lokaa used to have the [±ATR] distinction in high vowels, which was present in Benue Congo (Stewart 1971; Williamson 1983) . This historical fact is revealed by the varied behaviour of high vowels in noun stems. However, all high vowels (prefix or stem) are now [+ATR] .
Disharmonic high vowel prefixes
The forms in (20) 
The standard Optimality Theoretic (OT) approach to this phenomenon, named "harmonic non-pairing" by Bakovic (2003) , is the use of co-occurrence or "grounding" constraints (Archangeli and Pulleyblank 1994) . The constraint *[+HI, −ATR] (Archangeli and Pulleyblank 1994; Calabrese 1995; Bakovic 2003) in (21) says that high vowels "prefer" not to be [−ATR]. Disharmonic high vowel prefixes occur because *[+HI, −ATR] is inviolable in Lokaa, and therefore dominates the constraints enforcing harmony.
As seen from the above examples, alteration of the [+ATR] value of a high vowel prefix is disallowed. The question is: does the high vowel belong in the same harmonic span as the [−ATR] mid vowel? The proposal here is that they do. Support for this position is that high vowels are transparent to harmony, as I show in section 6.
Disharmonic mid vowel prefixes
Mid vowel prefixes are ordinarily harmonic, usually agreeing with the ATR value of the stem vowel, as seen in the examples in (18). The interesting issue that arises is that certain high vowel stems may take [−ATR] mid vowel prefixes, which are disharmonic. This section argues that high vowels may be [+ATR] There are two possible analyses of the disharmonic data in (23). The first approach is to assume that the [−ATR] values of the mid vowel prefixes are not determined by the high vowel stems, and so the prefixes are underlyingly [−ATR]. The second possibility is to say that the [−ATR] values of the prefixes are, in fact, determined by the following high vowel stems, though they themselves are not [−ATR] on the surface. Evidence from compounds suggests that the second approach is the correct one. If these high vowel stems are placed in compounds, they still trigger [−ATR] prefixes for the entire compound.
c. lò-wí 'water' kÈ-wáà 'drinking' kè-wí-wáà 'water drinking'
Several points are in order here. First, note that as shown in the compounds in (16), the stem that is closest to the prefix determines its ATR specification. Thus it makes sense to assume thatÒ-kpí 'viper' and è-kpí 'rat' in (24a) trigger different ATR prefixes. This explains why lÈ-kpí-tú 'viper's head' retains a [−ATR] prefix while lè-kpí-tú 'rat's head' has a [+ATR] prefix. Otherwise it is odd that the last stem [-tú] 'head' in both compounds selects different ATR specifications for different compounds. Secondly, as shown in the examples in (16) The only way such an argument can go through is to assume that [−ATR] is assigned to the prefix "positions", and not to the prefix segments themselves. Note that in (24a), for example, it is a complete mystery why the class prefix [lè-] for lè-tú 'head' alternates between [−ATR] and [+ATR] in the compounds lÈ-kpí-tú 'viper's head' and lè-kpí-tú 'rat's head' but not in isolation. This is unnecessary if the alternation comes from the stems for 'viper' and 'rat'.
11 Furthermore, we must assume that [ATR] is also deletable from high vowel prefixes, given the class prefix selection in yí-kìlíkìlí 'weaverbird' and yÓ-kìlíkìlí 'weaverbirds'. Under the analysis proposed here, the reduplicated stem [-kìlíkìlí] In section 1, I argued that the final vowels of bisyllabic verbs in (26) and (27) are not suffixes, but synchronically part of an unanalyzable fused stem. Since final vowels of noun stems cannot be analyzed as suffixes, only this assumption can account for the uniform way in which final vowels of both these verbs and nouns (in 25) trigger harmony in prefixes and proclitics.
The examples in (25a) show that it is impossible to have a [−ATR] mid vowel prefix when the second stem syllable has a [+ATR] vowel, and (25b) shows that it is impossible to have a [+ATR] mid vowel prefix when the second vowel is [−ATR]. The near minimal pair of è-sìsòN 'smoke' andÈ-sísÒN 'housefly' is especially telling. The surface ATR specification of the prefixes of derived nouns in (26) cannot be explained unless the high vowels are transparent, since the verbs from which they are derived do not have these prefixes (compare fùk@ 'count' and fúká 'gather'). The forms in (27) show proclitic ATR alternation depending on whether the second vowel of the verb stem is [+ATR] or [−ATR]. Finally the forms in (28) show two transparent high vowels in a trisyllabic stem. 14 So far, I have introduced two constraints: FAITHSTEM(ATR), which protects stem vowels from changing, and *[+HI, −ATR], which prevents a [−ATR] high vowel from occurring on the surface. These constraints are now generally employed in constraints-based analysis of harmony. However, in order to account for transparency and opacity within the same language, I turn to Headed Span Theory (McCarthy 2004) . I provide a broad summary in section 6.1, though I only employ the insights provided into transparency and opacity in my analysis.
Headed Span Theory analysis
McCarthy's (2004) Headed Span Theory is a theory of both local and non-local feature assimilation. McCarthy proposes that the segments of a word are exhaustively parsed into spans for each distinctive feature. 15 Each span of the feature [F] has a head segment, and it is the head segment's value for [F] that determines the pronunciation of the other segments in the span. A featural span is defined as a constituent whose terminal nodes are segments in a contiguous string.
McCarthy posits four constraint types: In addition, the faithfulness role of FAITHHEADSPAN(αF) will be performed by FAITHSTEM(ATR), as defined in (19), repeated here as (30d) for convenience. Using the constraint FAITHSTEM(ATR) for basic harmony in place of FAITHHEAD SPAN(αF) raises a question about how the stem heads a span, since FAITHSTEM (ATR) only helps to preserve the ATR value of the stem. When combined with *A-SPAN(ATR), which disallows adjacent ATR spans, it performs this role indirectly. If the segments in a span must share ATR, and if the ATR value of the stem cannot change, it implies that the ATR value of the prefix will change if it is different. I assume this comment to be sufficient and move to the real task at hand.
In its standard form stated above, Headed Span theory requires every segment within a domain to agree in the harmonizing feature. Thus, within McCarthy's original proposal it is impossible to have a transparent segment -that is, a segment which is neither a head nor associated with a head. O'Keefe (2007) proposes that the requirement for every segment to agree with the harmonizing feature within the domain (a headed feature span) must be violable. That is, segments within the headed feature span do not have to agree with the feature defining this domain. He proposes that forms with transparent vowels should be analyzed as belonging to a single span with the head but violating the constraint requiring them to associate to a feature of the head.
O'Keefe proposes the constraint family, ASSOCIATEHEAD, which requires that segments share a specific feature of the head of the [F]-span in which they are located. A violation of this constraint while still remaining in the [F]-span implies transparency. The constraint is defined as in (31), and the ATR instantiation of it is defined as in (32). (31) In this particular instantiation, I will simply assume that all vowels must share the [F]-span value of the head, without separating the vowels according to height, unless this becomes crucial. (23) and (24) and second, when a [−ATR] vowel follows a high vowel in a bisyllabic form or longer, as in (25)-(28). The difference between these two is that in the forms in (23) the [−ATR] feature remains unassociated on the surface in the stem, whereas in (25)-(28), it is part of a non-high vowel. Therefore, all of the "disharmonic" forms in (23) violate ASSOCIATEHEAD([ATR]), since they are formally regarded here as "transparent" forms.
THE LOW VOWEL [a]
In this section, I turn to two features of the low vowel [a], namely its characteristics as a disharmonic prefix vowel and as an opaque stem vowel. The first characteristic is linked to the constraint forbidding the feature [+ATR] from co-occurring with the feature [+LO] , and the second characteristic is linked to the fact that [a] must share the value of the head of the [F]-span in which it is located. In addition, the section proposes that co-occurrence constraints and ASSOCIATEHEAD constraints play different roles in harmony; both are crucial in accounting for harmony within the headed span approach. 
Disharmonic [a] in prefixes
However, as a prefix vowel, [a] can be disharmonic with the stem vowel. In Lokaa, [a] can occur as a prefix to any following vowel stem vowel. Our interest here is in the [+ATR] stem vowels: (38) [a] as prefix:
Nouns Verbs à-tè 'songs' á-tèì 'you are singing' à-tóò 'loads' á-tóów@í 'you are carrying' à-fìíl 'bush mangoes' á-yéní 'you had' à-b@ 'holes' yá-tóó 'they carried'
As with the non-alternating high vowels, the standard OT approach to nonalternating low vowels is the use of co-occurrence or "grounding" constraints (Archangeli and Pulleyblank 1994). The relevant constraint here is *[+LO, +ATR]. The idea behind (39) is, again, that low vowels "prefer" not to be [+ATR] . This tableau shows that we cannot change the ATR value of the root vowel or that of [a] , in order to achieve a single harmonic span. However, it says nothing about changing the height of [a] , so that it is no longer low, and then making it harmonic.
To rule out such a possibility, we must assume that changing the height of a (disharmonic) vowel is disallowed in Lokaa. This must be true for both the high vowels as well as for the low vowel [a] . To achieve this, the IDENT constraints (Input and Output specifications of vowel height features must be identical) for both [HI] and [LO] (ID-HI, and ID-LO) must dominate *A-SPAN. The tableau in (41) shows this. The account given above of the non-alternation of [a] sets the stage for the analysis of its opacity, to which we now turn.
Low vowel opacity
The preceding section shows that the low vowel [a] is disharmonic in prefixes in that it does not alternate. It can be prefixed to either a [−ATR] stem or a [+ATR] stem. I accounted for this behaviour with the co-occurrence constraint *[+LO, +ATR], which requires that low vowels not be [+ATR] . This behaviour parallels that of high vowels in prefixes. Unlike high vowels, however, [a] is not transparent in stems. There are two issues that any analysis must account for. First, [a] does not alternate with [@] in stems or prefixes even though both vowels occur in the system. 
One interesting feature of Lokaa is that, although it has an eight-vowel system, [a] has not "re-paired" with [@] (Bakovic 2000 (Bakovic , 2003 . In a symmetrical eight-vowel system such as Wolof's (Ka 1994) or a ten-vowel system such as Igede's (Armstrong 1983) [a] normally pairs with [@] . But Lokaa has an asymmetrical eight-vowel system in which [a] and [@] are unpaired. This results in a system in which [a] and [@] are neutral (in addition to the high vowels). Bakovic (2003:15) (Armstrong 1983) , or the entire vocalic system is split into high versus non-high, as in Wolof (Ka 1994; O'Keefe 2007) . Neither of these has yet taken place in Lokaa. 19 The two vowels [a] and [@] remain unpaired, hence the non-alternation.
I now turn to the second point, [a] opacity, using the same assumptions as for disharmony. I derive the opacity of [a] essentially by ranking *[+LO, +ATR] and FAITHSTEM(ATR) over *A-SPAN. However, this is not enough to derive opacity. As Van der Hulst and Smith (1986:238) note, opaque segments are "blockers, nonundergoers and spreaders" (see also Clements and Sezer 1982) . This ranking only achieves the "non-undergoing" nature of [a] .
Within Span Theory the blocking and spreading characteristics of [a] require it to share the harmonic value of the head of the span and to head its own span. Both of these requirements must be superior to that of forming a single span with a head that has a different ATR value ( In summary, the analysis presented above and the ranking in (47) show that there is a crucial difference between co-occurrence constraints and ASSOCIATEHEAD constraints. The co-occurrence constraints control the inventory, and the different rankings of the ASSOCIATEHEAD constraints indicate whether segments will form part of an [F]-span or not.
I have derived the difference between opacity and transparency as a difference between (the ranking of) the specific versus the general. In this case, when the general ASSOCIATEHEAD constraint is ranked low (below *A-SPAN), high vowels are transparent ( This concludes the discussion of transparency and opacity in Lokaa. In the next section I present some of the typological predictions of the above constraint system.
Some typological predictions
To facilitate understanding of the predicted typology, I split the constraints into the interacting classes of constraints in section 7.3.1: harmony constraints, stem control, co-occurrence, and transparency.
Assimilation constraints (McCarthy 2004)
Recall from section 6.1 that there are four basic harmony (assimilation)-driving constraints, three of which are used here. I describe their functions informally.
(i) Harmony constraints (from 29):
Prefers having just one [F]-span per domain. Drives assimilation of a feature. Its effect is to force assimilation (or harmony).
• Segments are associated with their own spans. Co-occurrence constraints make changing them impossible, and they create their own spans. Other segments form single harmonic spans, with yet other segments that must not be changed (transparent segments such as high vowels).
Example: Lokaa, as described here.
The Lokaa typology makes an interesting prediction: when a language (with harmony) has both transparency and opacity, opacity will trump transparency. This is because the specific ASSOCIATEHEAD constraint (for opacity) must be ranked higher than the general ASSOCIATEHEAD constraint (for transparency), and *A-SPAN(F) will fall between them. This prediction remains to be confirmed in other languages that may have the pattern. A theory of harmony must be able to accommodate these varied phenomena in a single language. I have shown that McCarthy's (2004) Headed Span Theory, along with the extensions proposed by O'Keefe (2007), does this. I have also shown that co-occurrence constraints play different roles in harmony than ASSOCIATEHEAD constraints. Co-occurrence constraints control the inventory, and the different rankings of the ASSOCIATEHEAD constraints indicate whether or not they will form part of a feature-span.
APPENDIX: THE STATUS OF [@]
This appendix presents the characteristics of [@] , its patterning as a mid vowel, its distribution within stems, and its bearing on the question of positional neutralization and harmony. Finally, the absence of [@] in prefixes is discussed.
A.1 Harmony and the distribution of the vowel [@]
The right-to-left distribution of [@] , in bisyllabic words, appears to be governed by vowel harmony, while the left-to-right distribution is governed by positional privilege (faithfulness) and markedness considerations.
As shown above, noun class prefixes and proclitics harmonize with noun stems and verbs stems respectively in their ATR specification, if they are mid vowels. The same distribution is true of the first vowel of an underived bisyllabic noun stem or verb stem, where the harmonic restrictions also hold (except that [@] cannot be preceded by [a] in verb stems (6c)).
As a stem vowel, [@] patterns like any other mid vowel. Since it is an ATR head (trigger), the vowels that can occur to its left are the same ones that can occur to the left of any other [+ATR] Notice that the restriction after [@] is not carried over to [i] , because [i] can be preceded by any other vowel in the language. The restriction is on [@] only. Harmonically, nothing interesting occurs here, since both vowels are [+ATR] . The left-to-right vowel distribution involving [@] is dependent on markedness.
[@] must be followed by a less marked vowel [i], 22 or a vowel of equivalent markedness [@] (a copy of itself).
The conundrum here is that the left-to-right distribution of [@] (and not any other vowel) appears to be controlled by markedness, supporting the positional markedness hypothesis of Beckman (1997) and others. However, harmony occurs in a right-to-left directionality, with [@] also heading harmonic spans like any other mid vowel. Since positional privilege and markedness have been linked to vowel harmony (Beckman 1997) , the question is whether the right edge has any privileges, or whether harmony is just directional (McCarthy 2004; Archangeli and Pulleyblank 2006; Hyman, to appear) . As Lokaa data clearly shows, vowel distribution is often intertwined with vowel harmony, but they can be separated (see Archangeli and Pulleyblank (2006) for a similar point). Vowel distribution is often subject to positional privileges, but vowel harmony is subject to directionality. When both occur together, this distinction is often masked, as we see in Shona (Beckman 1997) .
A.2 Transparent or opaque?
The final question to be addressed here is the status of [@] as a neutral vowel, and the related issue of its non-occurrence in class prefixes.
The Although the first noun determines the consonantal quality of the genitive marker, it cliticizes with the second noun. There are two kinds of evidence to support this. First, if the second noun is vowel-initial then the genitival [C@] optionally assimilates completely to the initial vowel of the noun. This is exemplified in (A3) and (A5b, c). Secondly, and more importantly, the genitival [C@] forms a tonal domain with the second noun (Akinlabi and Liberman 2006) . The genitive marker [C@] is High toned. When the second noun begins with a High tone as in (A3) and (A4), nothing happens (or the two High tones fuse if N s is vowel initial). However, if N s has an initial Low tone, then the expected HLH output of the genitive marker becomes HHL (the LH of the second noun becomes HL). This happens regardless of whether N s is consonant-initial or vowel-initial, as seen in (A5). Akinlabi and Liberman (2006) propose that the domain of this process is the Prosodic Word -the domain of vowel harmony in Lokaa. Finally, and of significance to the problem here, the vowel [@] of the genitive marker does not alternate when the noun has [−ATR] vowels, as the examples in (A5) show. The same non-alternation is observed in the item that Iwara (1982) calls a "relator", in (A6) .
